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The phenomenon that daily Sea Surface Temperature (SST) is higher in daytime 
than nighttime is called sea surface diurnal warming, which is defined as the 
differences between daily daytime and nighttime remote sensing SST. Sea surface 
diurnal warming is not only essential parameters for estimating air-sea heat exchange, 
vapor exchange correctly, but also of vital importance to ocean dynamics processes, 
distribution of nutriment and biological population, etc.  
With the development of remote sensing, the temporal and spatial distribution of 
diurnal SST variation has been widely studied. Based on the differences of diurnal 
warming caused by differences of satellite passover time, sampling manner and 
retrieval algorithm, and area researches isn’t detail, we analyses diurnal warming from 
time-series, spatial scale and model to investigate the temporal and spatial distribution 
of that in South China Sea (SCS).  
In the first part of this thesis, Satellite derived daily daytime and nighttime SST 
data sets from MODIS/Aqua, AMSR-E/Aqua and MODIS/Terra over the past ~10 
years are analyzed to investigate the short-term and annual characteristic of sea 
surface diurnal warming in the South China Sea (SCS). The magnitude of sea surface 
diurnal warming in the SCS is weakest during winter, strongest during spring, autumn 
and summer. The magnitude is generally larger in the southern regions than in the 
northern regions, and also larger in the eastern regions than in the western regions. It 
was suggested that the seasonal variation of sea surface diurnal warming in the SCS 
was affected by solar radiation, wind speed and cloud amount. Especially, the wind 
speed was the most important factor with a significant negative correlation with sea 
surface diurnal warming.  
Secondly, we divide the impact factor of diurnal warming in SCS and northeast 
of SCS during 2003 and 2010 into several patterns used the method of Empirical 
Orthogonal Function (EOF), aimed at investigating the temporal and spatial variation  
















scale analyzed by EOF mainly shows seasonal variation with remarkable spatial 
variation. The impact factor maybe East Asian Monsoon of land-sea difference in 
large scale (air temperature, water temperature and wind stress), mixing induced by 
wind and air-sea interaction in the inter-annual scale. However, the result of diurnal 
warming in sub-basin scale indicates seasonal variation but the variation tendency of 
diurnal warming is entirely different in different area, which may be related to wind 
and the variation of the upper ocean vertical structure. 
Lastly, based on Kawai’s model to regress the coefficients of different effect 
factors for diurnal warming. In order to investigate the mechanism of diurnal warming, 
we calculate unstandardized coefficients and standardized coefficients which help to 
know the contribution rate and level of importance. Coefficient a from soral radiation , 
coefficient b from wind speed, Coefficient c from solar radiation and wind speed 
coupling interaction and Coefficient d from other factors all contribute the diurnal 
warming. Unstandardized coefficients reflect magnitude of contribution rate, while 
standardized coefficients that reflect the relative importance of different factors. Both 
coefficient a and coefficient b show the annual spatial distribution that large in the 
southern regions while low in the northern region in winter, but summer opposite. 
This result may be related to the depth of mix-layer. Coefficient c (regression 
coefficient of) indicates negative impact of solar radiation and wind speed coupling 
interaction on diurnal warming, while coefficient d (regression coefficient of other 
factors without solar radiation and wind speed) reflects the impact of the upper ocean 
vertical structure but not solar radiation and wind speed. Combine diurnal warming in 
southern SCS in winter and that in southeast of SCS in summer is mainly affected by 
wind speed, and the correlation relationship is relatively good. 
Above all, diurnal warming derived by remote sensing in SCS will offer a data 
source of enhance discrimination and stabilized physical mechanism for the 
knowledge of ocean dynamic structure and its temporal and spatial laws in SCS. 
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符号 描述 单位 
MODIS 中等分辨率成像光谱仪 无 
AMSR-E 高级微波扫描辐射计 无 
ΔT-T MODIS/Terra-SST所计算的海表面日增温 K 
ΔT-A MODIS/Aqua-SST所计算的海表面日增温 K 
ΔT-AM AMSR-E/Aqua-SST所计算的海表面日增温 K 
NCEP 美国国家环境预报中心 无 
NCAR 大气研究中心 无 
 EOS  地球观测系统 无 
NASA 美国航天航空宇航局 无 
MEI 多变量厄尔尼诺-南方涛动指数 无 
SLA 海面高度异常 m 
EOF 经验正交函数 无 
OISST 最优插入法海表面温度 K 
ENSO 厄尔尼诺-南方涛动 无 
SVD 奇异值分解 无 
PS 海表太阳辐射峰值 W•m-2 
U 平均风速 m•s-1 
LSM 最小二乘法 无 
SSE 误差平方和 无 
Coef a 太阳辐射作用项的回归系数 无 
Coef b 风致混合作用项的回归系数 无 













第 1章 前言 
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影响，日变动是SST的主要变化之一(Kawai and Wada, 2007)。海表面日增温(Sea 
surface diurnal warming)正是对SST白天比晚上高的日变动现象的一种量度，通常
可近似地用遥感海表面温度的昼夜温差来表示(Stuart-Menteth et al., 2003)。 
早在一个多世纪以前，海表面温度的日变化就已经被人们所熟知(Roll, 
1965)。近年来，随着定点浮标和多平台卫星遥感对SST观测的加密，SST日变动
的重要性正被逐渐认识并得到广泛关注(Kawai and Wada, 2007)。SST日变动不仅
是估算海-气热量和水汽交换的重要参数(Stuart-Menteth et al., 2003)，也是海洋上
层热结构、生物种群昼夜变化、短期海温预报等的重要影响因子，而且在卫星遥
感SST产品反演(Hepplewhite, 1989; Wick et al., 2002; Donlon and Team, 2005; 
Notarstefano et al., 2006)以及多源遥感SST全球融合产品生成过程(Donlon et al., 
2002)中，亦有着相当重要的影响。 
1.1.1 海表面日增温的变化特征 
自1970年代海表面日增温分析方法被首次提出后(Stommel et al., 1969; 
Halpern and Reed, 1976; Kaiser, 1978)，对海表面日增温分布特征的研究开始逐渐
发展起来。风速与太阳辐射是海表面日增温重要的影响因子(Gentemann et al., 
2003)。白天，入射的太阳辐射加热上层海洋，海表面温度上升，日温跃层发育；
晚上，海表层冷却降温，诱发对流，日温跃层消散，从而产生了海表面日增温现
象(Stuart-Menteth et al., 2003)。一般在当地日照时间14:30左右，海表面日增温达
到峰值(Price et al., 1986)。日增温空间分布的形状和位置随着风场的演变而迅速





























模式一致(Stramma et al., 1986)。Tanahashi等(2003)注意到小区域异常高的日增温
是由强SST梯度区域的海水水平对流引起的。表层变化较剧烈的区域(西边界流、
涡)也会使得SST在非常短的时期内发生迅速的变化(Stuart-Menteth et al., 2003)。 
此外，受生物过程的影响，Kahru等(1993)指出在波罗的海南部，AVHRR反
演的SST白天最高增加1.5 K的位置对应蓝藻细菌的表层积聚中心。Wang 和 
Tang (2010)的研究也表明SST昼夜温差和叶绿素a含量成正相关关系，她们指出在
东海赤潮发生区域的SST昼夜温差一般为2-5 K，而非赤潮区域只有0-2 K左右。




气热交换有重要作用。1 K的海表皮温度误差会导致 27 W•m-2的近表层热通量误
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